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Abstract

Poor screw purchase because of osteoporosis presents difficulties in ankle fracture fixation. The aim of our study was to
determine if cortical thickness, unicortical versus bicortical purchase, and bone mineral density are predictors of inadvertent
screw stripping and overtightening. Ten paired cadaver ankles (average donor age, 81.7 years; range, 50-97 years) were
used for the study. Computed tomography scanning with phantoms of known density was used to determine the bone
density along the distal fibula. A standard small-fragment, 7-hole, one-third tubular plate was applied to the lateral surface
of the fibula, with 3 proximal bicortical cortical screws and 2 distal unicortical cancellous screws. A posterior plate, in which
all 5 screws were cortical and achieved bicortical purchase, was subsequently applied to the same bones and positioned so that
the screw holes did not overlap. A torque sensor was used to measure the torque of each screw during insertion (T;) and then
stripping (T;). The effect of bone density, screw location, cortical thickness, and unicortical versus bicortical purchase on T; and
T, was checked for significance (P < .05) using a general linearized latent and mixed model. We found that 9% of the screws
were inadvertently stripped and 12% were overtightened. Despite 21% of the screws being stripped or being at risk for
stripping, we found no significant predictors to warn of impending screw stripping. Additional work is needed to identify clini-
cally useful predictors of screw stripping.
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Introduction bicortical purchase, and bone mineral density are predictors of
inadvertent screw stripping and overtightening during ankle

As a screw is inserted into bone, the screw head compresses the fracture fixation in the elderly.

plate against the bone with a force proportional to the torque
applied to the screw.! If the screw is tightened beyond the ulti-
mate strength of the bone-screw interface, the screw threads
will lose purchase in the bone and the screw will spin with little Materials and Methods
resistance. Althozugh pullogt strength is re3late(_1 tq the depth of Specimens and Testing Procedures
the screw thread” and quality of the bone,” stripping the screw )
reduces the pullout strength of the screw by more than 80%.%  Ten pairs of fresh-frozen cadaver legs (mean donor age, 81.7
Inserting screws beyond 70% of the maximum torque compro-  Y€ars; range, 50-97 years) were obtained from the State
mises pullout strength,” yet screws are typically inserted to
86% of maximum torque clinically.® As density decreases,
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reasons, osteoporosis poses challenges in fracture treatment. Orthopaedic Surgery, The Johns Hopkins University/Johns Hopkins Bayview
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stripped screw may not be recognized by the surgeon. Accord-  Baimore, MD, USA
ing to 1 study, stripping of at least 1 screw during internal fixa-
tion of displaced lateral malleolar fractures occurs in up to 88%  Corresponding Author:
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Figure 1. Stripping versus insertion torques.

Anatomy Board. They were kept frozen (—10°C) until needed for
the study, at which time they were thawed at room temperature.

To determine bone density along the distal fibula, we used
a multislice computed tomography (CT) scanner (Toshiba
Aquilion 16, Toshiba America Medical Systems, Tustin,
California), with a slice thickness of 2 mm. A phantom slab
(Computerized Imaging Referencing Systems, Norfolk, VA)
containing 6 hydroxyapatite rods of known densities (50,
200, 500, 1000, 1250, and 1500 mg/mL) was placed alongside
the fibula during CT scanning to establish a calibration curve to
convert the CT density in Hounsfield units to actual bone den-
sity in milligrams per milliliter.

The “ellipse” function on the CT workstation software
(Vitrea 2, Vital Images, Minnetonka, Minnesota) was used to
select the circular cross-section of each of the 6 rods in the phan-
tom slab and to determine their density in Hounsfield units. This
procedure was repeated every 10 mm, and the values for at least
10 measurements were averaged. The known density for each
rod (in milligrams per milliliter) was then plotted against the
average density (in Hounsfield units) to construct a calibration
curve, with the slope being the conversion factor.

Using the “freehand selection” tool on the CT workstation
software, the density and area of the fibular cross-section were
measured in Hounsfield units and square millimeters, respec-
tively, for each CT slice, starting from the distal tip of the
fibula. The distance of each cross-section from the distal tip
of the fibula was easily determined using the fact that each
CT slice was 2 mm thick. The actual bone density of each fib-
ular cross-section was then determined from the calibration
curve to convert Hounsfield units to milligrams per milliliter.
To construct a curve for the variation of bone density along
the distal fibula, each value was plotted against its respective
distance from the tip of the fibula. This procedure was repeated
for each of the 20 fibulae. Bone mineral density increased sig-
nificantly from the distal to the proximal fibula (Figure 1),
varying from 186 distally to 1138 mg/mL proximally.

Each fibula was exposed via a lateral approach. Seven-hole,
stainless-steel, one-third tubular plates and 3.5-mm fully

threaded, self-tapping cortical screws or 4.0-mm cancellous
screws were used (Synthes, Paoli, Pennsylvania). The plates
were precontoured to fit the distal fibula. A 2.5-mm-diameter
drill was used to drill all screw holes. Then the plates were
applied with 3 proximal screws and 2 distal screws. For the lat-
eral plate construct, the proximal 3 cortical screws achieved
bicortical bony purchase and the distal 2 screws were cancel-
lous and unicortical. After determining insertion and stripping
torques of the screws, the construct was removed and a poster-
ior plate was applied. Because of the normal distal fibular anat-
omy, the posterior plate was slightly offset from the tip of the
fibula to avoid the peroneal groove. No posteroanterior screw
path coincided with a previous lateral-medial screw path (Fig-
ure 1). For the posterior plate construct, all screws were cortical
in design and achieved bicortical bone purchase.

For descriptive purposes, the screws were numbered
sequentially (1 to 5) from proximal to distal. A trauma-trained
orthopedic surgeon manually inserted each screw and tightened
it “optimally” using only thumb and finger pressure on the
screwdriver. The screwdriver was linked to a torque sensor
(TQ 103-50, Omega Engineering, Stamford, Connecticut) that
allowed real-time determination of the applied torque with an
accuracy of 0.02 Nm. After determination of this optimal inser-
tion torque (T;), the screw was tightened further until it failed
by stripping. The torque at stripping (Ts) was also recorded
(Table 1). Starting with the most proximal screw, each screw was
inserted and then stripped before inserting and stripping the next
screw. If T was less than T;, then the screw had been inadver-
tently stripped during insertion. In such cases, T; was the strip-
ping torque. In all cases, the operator was blinded to the torque
values to prevent bias secondary to the visual feedback from the
torque sensor. Three screws could not be stripped because the
heads were sheared off in the attempt to strip. All 3 screws were
in proximal locations: 2 in the most proximal position (position 1)
and 1 in position 2. These 3 screws were excluded from analysis.

We defined a new variable, percent-torque, as the T; value
divided by the T value. Based on previous reports, we chose
to stratify our data into four groups: 0 = under-torqued (0%
to 64%); 1 = optimal (65% to 89%); 2 = over-torqued (90%
to 99%); and 3 = stripped (>100%).

After removal of all the hardware, each fibula was disarticu-
lated and examined. For both constructs, the distance of the cen-
ter of each screw hole from the distal tip of the fibula was
measured using a digital caliper (Mitutoyo, Aurora, Illinois).
With the distal tip of the fibula as the origin, this distance was
used to obtain the bone density at each screw hole from the CT
slice corresponding to that location (ie, distance from the origin).
If a screw hole was located “between” CT slices because its
distance from the fibular tip was an odd value, the average of the
2 adjacent slices was used. This procedure was repeated for each
of the 20 fibulae.

Statistical Analysis

The effect of screw location (1 to 5), bicortical versus unicor-
tical purchase, cortical thickness, and bone density on T; and T
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Table I. Mean (SD) Cortical Thickness Engaged by Screws

Lateral Plate

Posterior Plate

Screw Cortical Density Insertion Stripping Cortical Density Insertion Stripping
Hole Thickness (mm) (mg/ml) Torque (Nm)  Torque (Nm)  Thickness (mm) (mg/ml) Torque (Nm)  Torque (Nm)
| 4.8 (1.2) 889 (139) 1.0 (0.4) 2.2 (12.5) 5.5(1.4) 901 (135) 1.0 (0.2) 2.3 (0.8)
2 4.6 (1.0) 810 (120) I.1(0.5) 1.8 (0.9) 49 (1.49) 845 (133) 1.2 (0.6) 1.7 (0.9)
3 42 (1.2) 709 (109) 0.9 (0.4) 1.1 (0.4) 4.3 (1.0) 765 (111) 1.0 (0.4) 1.4 (0.6)
4 1.4 (0.3)° 318 (74) 0.3 (0.2) 0.4 (0.4) 3.3 (0.8) 345 (76) 0.7 (0.3) 1.0 (0.6)
5 1.2 (0.2)* 311 (53) 0.4 (0.2) 0.5 (0.4) 2.7 (0.5) 309 (65) 0.7 (0.3) 1.0 (0.4)

 Unicortical screw engagement.

were checked for significance (P < .05) using a general
linearized latent and mixed model (Stata 10, StataCorp LP,
College Station, Texas). We also checked for predictors of
percent-torque group based on screw location (1 to 5), bicorti-
cal versus unicortical purchase, cortical thickness, and bone
density using multinomial logistic regression.

Results

During insertion of the 200 screws, 18 screws were inadver-
tently stripped. None of the most proximal screws (position
1) was inadvertently stripped. Progressively more screws were
inadvertently stripped more distally in the fibula. There were 3,
4,5, and 6 screws inadvertently stripped at positions 2, 3,4, and 5,
respectively (proximal to distal). There were no significant
associations of screw location, unicortical versus bicortical
purchase, density squared, or thickness on the risk of inadver-
tent stripping, suggesting that none of these covariates was a
good predictor of inadvertent stripping. Neither were any of the
covariates a significant predictor of the percent-torque group
assignment.

T; varied from 0.04 to 2.08 Nm (Table 1). There was a signif-
icant but weak correlation between insertion torque (> = .46)
and density squared. Cortical thickness and density squared were
significantly associated with insertion torques.

T, varied from 0.66 to 4.23 Nm, generally decreasing from
proximal to distal screw positions. There was a significant but
similarly weak correlation (#* = .55) between stripping torque
and density squared. Density squared and cortical thickness
were significantly associated with stripping torque.

On average, insertion torque was 71% of the measured strip-
ping torques. Of the 200 screws inserted, 82 were in the under-
torqued group (0% to 64%), 76 were in the optimal-torque
group (65% to 89%), 24 were in the over-torqued group
(90% to 99%), and 18 were in the inadvertently stripped group
(>100%). Of the 82 screws in the under-torqued group, 36 had
stripping torques above 2 Nm, which was the highest insertion
torque deemed clinically relevant in the current study.

Discussion

In the current study, we sought to determine risk factors for
inadvertent screw stripping and overtightening during fixation

of ankle fractures in elderly bones. Approximately 9% of our
screws were inadvertently stripped; a result consistent with the
literature.® Another 12% of the screws were overtightened or
within 10% torque of being stripped. We found no significant
predictors of inadvertent stripping or overtightening. Although
the risk of inadvertent stripping increased the more distal the
screw, this trend was not significant and was not associated
with cortical thickness or bone density. The risk of inadver-
tent stripping was also greater in the lesser dense bone but not
significantly so.

We labeled screws as optimally tightened if the insertion
torque was between 65% and 89% stripping torque. Cleek
et al® suggested that torsioning screws to 70% of their maxi-
mum torque results in peak pullout strength. Cordey et al®
reported that clinicians typically tighten screws to 86% of
maximum. Both of the definitions of “optimal” are subjective.
The former assumes that achieving maximum pullout strength
is an indicator of successful fracture fixation. We know of no
literature to support the conjecture that maximizing pullout
strength results in fewer nonunions or loss of fracture fixation.
The latter relies on a surgeon’s experience at inserting screws
to remain below the stripping torque, but again, it is unknown
if achieving an average 86% peak torque results in fewer clin-
ical complications associated with fracture fixation. In short,
neither value takes into account the clinical demands on the
screw. A clinician may torque a screw to 70% of the maximum
but may still not have enough purchase for the screw to func-
tion as intended. In contrast, a screw torsioned to less than
70% may appear under-torqued but may provide sufficient pur-
chase. Screws in the current study were inserted to 71% of their
stripping torque, but values ranged from 18% to >100%. The
low percentage insertion-to-stripping torque values were for
screws that were deemed sufficiently tightened (n = 36 screws)
so as not to need further torquing to levels that approached fail-
ure torque; however, without knowing the resulting pullout
strength of the screws and the site-specific bone quality (thick-
ness and density), and the effect on fracture fixation and healing,
it is difficult to know the clinical significance of the value.

There are limited reports about the optimal insertion torque
of a screw with respect to bone density in the appendicular ske-
leton,>**® but we found no such reports on the distal fibula. We
investigated the effect of bone density on the insertion and
stripping torques during screw insertion in the distal fibula.
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Previous reports have tried to determine optimal insertion
torques for screws in the ovine tibia (2 Nm®) and diaphyseal
human tibia (2.1 Nm® to 3 Nm®). In diaphyseal human tibias,
an average stripping torque of 3.3 Nm has been reported,’
although the effect of bone density was not explored. A more
recent study found significant positive correlations between pull-
out strengths of 3.5-mm screws and the bone density and cortical
thickness in human diaphyseal femurs.” In the current study, the
orthopedic surgeon inserting screws deemed it unnecessary to
tighten screws beyond 2 Nm, based on clinical judgment. In
some cases (36 screws), this decision classified screws as being
under-torqued because the insertion value was below 65% of the
stripping torque value, but likely to be clinically sufficient.

Although it is reported that higher insertion torques are
associated with higher bone density in the femur,® our study
is the first, to our knowledge, to quantify these relationships
in the distal fibula as the torque required to strip a screw being
proportional to the pullout strength. Although it is academi-
cally interesting to know the relationship between torque and
pullout strength, what is clinically more important is estab-
lishing a range of torque values that provide the bounds of
clinically sufficient purchase.

One of the limitations of our study is that cadaver bone may
not be mechanically equivalent to living bone. Indeed, 1 study
found insertion torques of spinal pedicle screws to be signifi-
cantly higher in vivo than in vitro.'® Possible explanations for
this discrepancy include postmortem changes, such as the lack
of intraosseous pressure,'! saponification of fatty acids from
necrosing marrow fat cells,'? and alteration of collagen fibers
and water content by freeze-thaw cycles.'* However, although
these factors would affect the absolute values of T; and T,
comparisons and trends would still be expected to be valid.
Only 1 surgeon performed the screw insertion during this study.
The surgeon is a trauma-trained practicing orthopedic surgeon
who cares for elderly patients with ankle fractures. The skill
level of the surgeon may play a role in the insertion of the
screws, and that point was not investigated in this study.
Another limitation of the study is that, in an attempt to more
closely replicate the clinical situation, the inserter was not
blinded to the screw position. Clearly, the knowledge of the
screw position and the visual feedback of the screw inserting
into the bone also play a role in the torque applied by the insert-
ing surgeon. These effects were not investigated in this study.

In conclusion, we have shown a weak positive correlation
between bone density squared and insertional and stripping
torque of screws in the distal fibula. We found no significant
predictors of inadvertent screw stripping or overtightening.
Additional work will be required to determine a way to predict
the optimal insertion of bone screws.

Acknowledgment

The authors gratefully acknowledge Synthes, Inc, for the donation of
the implants and Demetries Boston for his technical assistance.

Declaration of Conflicting Interests

The author(s) declared no conflicts of interest with respect to the
authorship and/or publication of this article.

Funding

The author(s) received no financial support for the research and/or
authorship of this article.

References

1. Shigley JE, Mitchell LD. The design of screws, fasteners, and
connections. In: Mechanical Engineering Design. New York:
McGraw-Hill; 1983:357-411.

2. Chapman JR, Harrington RM, Lee KM, Anderson PA, Tencer AF,
Kowalski D. Factors affecting the pullout strength of cancellous
bone screws. J Biomech Eng. 1996;118(3):391-398.

3. Seebeck J, Goldhahn J, Morlock MM, Schneider E. Mechanical
behavior of screws in normal and osteoporotic bone. Osteoporos
Int. 2005;16(suppl 2):S107-S111.

4. Collinge C, Hartigan B, Lautenschlager EP. Effects of surgical
errors on small fragment screw fixation. J Orthop Trauma.
2006;20(6):410-413.

5. Cleek TM, Reynolds KJ, Hearn TC. Effect of screw torque level
on cortical bone pullout strength. J Orthop Trauma. 2007;21(2):
117-123.

6. Cordey J, Rahn BA, Perren SM. Human torque control in the use
of bone screws. In: Uhthoff HK, Stahl E, eds. Current Concepts of
Internal Fixation of Fractures. New York: Springer-Verlag; 1980:
235-243.

7. Andreassen GS, Hoiness PR, Skraamm I, Granlund O,
Engebretsen L. Use of a synthetic bone void filler to augment
screws in osteopenic ankle fracture fixation. Arch Orthop Trauma
Surg. 2004;124(3):161-165.

8. Koistinen A, Santavirta SS, Kroger H, Lappalainen R. Effect
of bone mineral density and amorphous diamond coatings
on insertion torque of bone screws. Biomaterials. 2005;26(28):
5687-5694.

9. Thiele OC, Eckhardt C, Linke B, Schneider E, Lill CA. Factors
affecting the stability of screws in human cortical osteoporotic
bone. A cadaver study. J Bone Joint Surg Br. 2007;89(5):701-705.

10. Buhler DW, Berlemann U, Oxland TR, Nolte LP. Moments and
forces during pedicle screw insertion. In vitro and in vivo mea-
surements. Spine (Phila Pa 1976). 1998;23(11):1220-1227.

11. Hanai K. Dynamic measurement of intraosseous pressures in lum-
bar spinal vertebrae with reference to spinal canal stenosis. Spine
(Phila Pa 1976). 1980;5(6):568-574.

12. Robbins SL, Cotran RS, Kumar V. Cellular injury and adaptation.
In: Pathologic Basis of Disease. Philadelphia: WB Saunders;
1984:1-39.

13. Black J. Tissue properties: relationship of in vitro studies to in
vivo behavior. In: Hastings GW, Ducheyne P, eds. Natural and
Living Biomaterials. Boca Raton, FL: CRC Press; 1982:5-26.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


